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1. INTRODUCTION 
Since the first studies of brologrcal macro- 
molecules by NMR, deuteration of proteins or of 
a part of their constituent amino acids has been 
recognized as a possible tool for the specific as- 
signment of resonance hnes in ‘H-NMR spectra of 
proteins (e.g., [l-3]). However, it has been used 
relatively seldom, probably because of the 
technical and experimental problems inherent to 
this approach. One important aspect of the 
deuteration has been overlooked or at least has not 
been exploited sufficiently: the decrease m 
linewidth to be expected because of the reduction 
of the dipolar interaction by replacing protons by 
deuterons. 
The decrease of the transverse relaxation time TZ 
with the molecular weight and the concomitant 
decrease m resolutron is one of the main factors 
hindering the general use of high-resolution ‘H- 
NMR for the study of proteins with high molecular 
masses. Although deuteration could help to solve 
this problem, the general application of this ap- 
proach is not trivial for two reasons: the difficulty 
of obtaining sufficient amounts of biologically ac- 
tive enriched protein and the reduced molar sen- 
sitivrty after deuteratron. In the meantime efficient 
methods or protein perdeuteration have been 
EF-Tu Perdeuteratron 
developed [4] and the sensitivity of the commer- 
cially available spectrometers has increased 
significantly. Furthermore, the effect of the re- 
duced number of protons per mol protein is partly 
outweighed by the decrease of the linewidths and 
the increase in signal intensities caused by the 
deuteration. 
Here, these features are substantiated by studies 
of highly deuterated bacterial elongation factor 
EF-Tu from E. colt with an Mr of 43225 
(nondeuterated) [5] and the implications of the 
method are discussed. 
2. MATERIALS AND METHODS 
Bacteria (E. ~011, MRE 600) were grown on 
minimal media using deuterated (-90%) succimc 
acid as a carbon source m 99.8% D20 [4]. EF- 
Tu - GDP was isolated as described previously [6]. 
The protein had a specific activity of 23000 pmol 
GDP/mg by the [3H]GDP exchange assay [7] and 
ran as a single band on SDS-polyacrylamide gel 
electrophoresis (PAGE). It was stored as an am- 
momum sulfate precipitate at - 70°C For NMR 
measurements he precipitate was dissolved in buf- 
fer A (10 mM potassium phosphate, pH 7.4, 
1 mM dithrothreitol, 10 mM MgCl2 m D20) and 
dialyzed three times against the same buffer. 
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All ‘H-NMR spectra were recorded m a 10 mm 
sample tube with a Bruker CXP-360 NMR spec- 
trometer operating at 360 MHz. The water signal 
was suppressed by a selective presaturation pulse 
of 0.8 s duration. The sample temperature was 
stabilized by a stream of dry air with the ap- 
propriate temperature. The spectra were refer- 
enced to 4,4-drmethyl-4-silapentane-1-sulfonic 
acid (DSS) as internal standard. 
3. RESULTS AND DISCUSSION 
The GDP binding activity of the deuterated en- 
zyme was 23000 U/mg after the sample prepara- 
tion, which is very close to the theoretical value, in- 
dicating that the deutration did not result in a ma- 
jor change of the protein structure or, even worse, 
m a denaturation of the protein. After 24 h at 
293 K in the spinning NMR tube the activity of 
both the deuterated and nondeuterated protein 
dropped by only 25%, suggesting that even longer 
measurement times are feasible at lower 
temperatures. 
The downfield part of the ‘H-NMR spectra of 
deuterated and nondeuterated EF-Tu of E. coli is 
shown m fig.1. It is clearly seen that the deutera- 
tion of the protein leads to a tremendous enhance- 
ment of the spectra resolution. Although this ef- 
fect is most pronounced in the ‘aromatic’ part of 
the spectrum, rt is also clearly visible in the 
highfield part of the spectrum in spite of the much 
higher number of overlapping resonances (spec- 
trum not shown). 
It should be noted that the experimental condi- 
tions differ slightly for the two spectra; in par- 
ticular, since the pH-values differ somewhat, dif- 
ferent line positions for some of the histidyl 
resonance lines are to be expected. 
The degree of deuteration, determined by com- 
paring the integrals of corresponding regions m the 
spectra, was estimated to be 90 -t 5%, a value 
which is consistent with the degree of deuteration 
of the growth medium. 
The average line width of, e.g., histidyl C-2H 
and C-4H resonance lines is decreased from 11 Hz 
to only 2 Hz by deuteration, i.e., by a factor of 
5.5. A theoretical imit for the maximum reduction 
in linewidth can be calculated with the approxima- 
tion that only the dipolar interaction between pro- 
tons and/or deuterons contributes significantly to 
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Flg.1. ‘H-NMR spectra from deuterated and non- 
deuterated elongation factor Tu from E. COIL Upper 
trace: 0.23 mM nondeuterated EF-Tu in 6 mM 
phosphate buffer, 0.6 mM DTE, 6 mM MgClz, 0.3 mM 
GDP, pH 7.6, temperature 293 K, total acquisition time 
2.6 h, sample volume 2.5 ml. Lower trace: 0.13 mM 
deuterated EF-Tu in 6 mM phosphate buffer, 0.6 mM 
DTE, 6 mM MgCL, 0 4 mM GDP, pH 7.2, temperature 
293 K, total acqursrtion time 8.5 h, sample volume 
2.5 ml Line broadening by exponential multiplrcatron 
of 0.3 Hz was apphed to both spectra. 
the relaxation of a given proton. If all surrounding 
protons are substituted by deuterons the linewidth 
is reduced by a factor proportional to 
(y:Ii(Ii + l))/(&z(lz + 1)) [8]. Substitution of the 
correct values for the magnetogyric ratio y and the 
nuclear spin I grves a reduction by a factor of 
about 16, a value which can only be considered as 
an upper limit, but cannot be reached in practice 
because on the one hand additional relaxation 
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mechanisms cannot be neglected and on the other 
hand degrees of deuteration of more than 95°70 
cannot easily be achieved. 
Another effect leads to an additional enhance- 
ment of resolution: the replacement of neighbour- 
ing protons by deuterons reduces the J-coupling 
which is proportional to the magnetogyric ratio y. 
At higher molecular masses the corresponding 
multiplets are barely resolved, and the J-coupling 
results only in a line broadening which can be 
reduced by the deuteration. This can be seen in 
fig.1 in the range between 6.2 and 7.6 ppm, where 
the multiplet resonances of the ring protons of 
phenylalanine and tyrosine are expected. 
The increase in resolution seems to be offset by 
losing important information, because the J- 
coupling allows the assignment of resonances to 
types of amino acids. But in fact, at low molecular 
masses, where the multiplet structure can be 
resolved, a resolution enhancement by deuteration 
is mostly not necessary. 
4. CONCLUSION 
Resolution enhancement by deuteration seems a 
valuable tool for the study of larger proteins. Even 
the loss of sensitivity does not appear a limiting 
factor in many cases. The spectrum shown in the 
figure was recorded over a relatively long time, but 
it should be noted that the protein concentration 
was quite low and could be increased by a factor 
of ten, shortening the acquisition time by a factor 
of 100 to only 5 min. 
In addition, depending on the resolution re- 
quired, the sensitivity could be increased by using 
lower degrees of deuteration. This could be 
especially interesting if the information hidden in 
the unresolved J-coupling is of interest, e.g., it 
could extend the applicability of 2-dimensional 
methods like COSY spectroscopy to higher 
molecular masses. Another important aspect 
would be that the effect of spin diffusion could be 
minimized, thus making the distance estimation 
via the nuclear Overhauser effect more accurate. 
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